The differential diagnosis of haemolytic anaemias is difficult. It requires a wide clinical knowledge, complete command of a wide range of laboratory techniques and imagination. However, it is possible to base a system for differential diagnosis on no more than five basic tests. These are:-i. Examination of a properly stained thin blood film, stained so that the cells are orange, but show polychromasia as a greyish tinge. This requires a buffered diluting fluid which has been carefully tested. Smears too thick, or stained dull grey, are quite useless, and it is usually much easier to obtain good staining with Leishman's stain (from British Drug Houses) than from any other brand, or from other Romanowsky stains such as Giemsa or Wright's stain (Discombe, 1950 2. Examination of blood spread out between two coverslips coated with brilliant cresyl blue. In this the reticulocytes can be counted (and it is unusual'for an anaemia to be due solely to haemolysis unless the reticulocytes exceed 2 per cent.), Heinz bodies searched for, Haemoglobin H precipitates seen, and some indication of the shape of the erythrocytes obtained. It is imperative that the blood be examined wet, after at least 20 min. incubation, and that the stain should be known to be effective in staining reticulocytes. This examination is so important that it should never be deputed entirely to a technician, unless he is exceptionally experienced. From this examination may be obtained the clues which lead to a diagnosis of several acute haemolytic episodes, such as those due to some poisons, drugs, favism and changes in the thickness of red cells.
3. Examination of urine for haemosiderin is easy, for the deposit is mixed with equal parts of 2 per cent. potassium ferrocyanide and N hydrochloric acid, and after io min. centrifuged again and the deposit examined wet. Profuse green granules, especially within cells or casts, indicate a chronic process in whieh haemoglobin has been liberated into the blood stream and leaked into the unne; this is usually paroxysmal nocturnal haemoglobinuria (P.N.H.). Of course, stringent precautions must be taken against contaXnination, but contaminating iron is usually in irregular lumps, not the tiny spherical granules of haemosiderin.
4. The direct antiglobulin test should be performed on cells which have been allowed to' cool to about 40C. in contact with their serum, and the washed cells should be tested with antiglobulin serum at one, two, four and possibly eight times the concentration normally used for the demonstration of Rhesus antibodies. If positive, the test should be repeated using cells which have been taken in a warm syringe and at once washed with large volumes of saline previously warmed to 370C., and with normal cells incubated in the patient's serum obtained from blood which has never been allowed to cool below 370C., so that the quality and quantity of the antibody may be further assessed.
5. The only common haemoglobinopathies are those causing sickling and thalassaemia. The former is quickly detected by mixing cells with 2 per cent. sodium metabisulphite, placing between slide and coverslip and examining after i and 2 hours; the latter by dehaemoglobinization with a citrate-phosphate buffer of pH 3.4 of an air-dried film fixed for 5 min. in 8o per cent. ethyl alcohol; the foetal haemoglobin resists the buffer, while other haemoglobins are removed (Bethke and Kleinhauer, I958). Positive tests should be confirmed by the alkali denaturation test. Occasionally one must proceed to electrophoresis or chromatography of the haemoglobin, but this is essential only if suspicion of a haemoglobinopathy is strong and these tests negative. If the Mean Corpuscular Haemoglobin concentration is below 25 per cent., it may safely be assumed that iron deficiency is present, either as a cause of the cell changes in the stained film, or as a complication of a haemoglobinopathy.
These five tests should suffice to indicate the most probable pathogenetic mechanism; but a final diagnosis will depend on knowledge of the natural history and of the geographical distribution of haemolytic disease, and on the securing of a complete and adequate history, in which special attention is given to family history and recent SDISCOMBE: The Differential Diagnosis of Haemolytic Anaemias exposure to drugs, household remedies and unusual foods. Further, in this field perhaps more than any other, memories are faulty, and assertions fallacious; patients and parents deny the use of any medicament, when in fact the whole household armamentarium (and the other doctor's) has been employed; and the parents of a child inflicted with an inherited disease will often have, been perfectly healthy all their lives, though laboratory examination at once reveals the carrier state (Discombe, I948; Young et at., 195I) . Biological false positive Wassermann reactions are the rule rather than the exception, and the disease process sometimes is made less active by injections of arsenical drugs (though not of penicillin)-a source of further confusion. Nevertheless, these tests should lead to the pathogenetic mechanism of about I9 cases out of 2o, and with the aid of a few other tests enable one to identify the ' cause ' should this concept be applicable. There are but four main groups of haemolytic anaemia, and the usual procedure of progressive dichotomy, using in the first place the simplest tests, will usually lead to a correct presumptive diagnosis within a few hours. Fragility
It may be noted that the determination of osmotic fragility, which gives an index of cell thickness, or rather, of thickness/diameter ratio, has not been included among the key investigations. It is, in fact, of little importance in differential diagnosis, though it is sometimes useful in confirming a diagnosis arrived at in other ways.
In normal blood the osmotic resistance, or fragility, of erythrocytes is normally distributed about a mean, and this is very clearly demonstrated by plotting the curve of salt concentration against proportion of haemoglobin liberated on arithmetic probability paper when it is found to be a straight line (Hunter, I940; Discombe, i948).
Such a blood can be characterized by the median corpuscular fragility (M.C.F., normal o. 40-o.044 per cent. NaCl) and the standard deviation (normal o.025 per cent. ± o.oo6 per cent. NaCl). Among the haemoglobinopathies, published curves analysed in this way show a median corpuscular fragility in the region of 0.26-0.33 per cent. NaCl, and usually a standard deviation about twice the normal, thus suggesting that the erythrocytes constitute a homogeneous biological population which differs from normal cells only in that its members are all relatively thinner and more variable-thus accounting for the real microcytosis and apparent extreme hypochromia.
Congenital spherocytosis (acholuric jaundice or haemolytic anaemia of Chauffard-Minkowski) shows exactly the opposite change. (Nosslin and Nyman, 1958 and more recently in Britain, and in a few negroid groups in S. India and Persia; while thalassaemia occurs chiefly in those parts of the world to which the Ancient Greeks journeyed and microdrepanocytic disease is found where the two groups mixed, notably Sicily, the Caribbean Islands, and in the U.S.A. Hb C is quite common in West Africa, but the others are more commonly found in S.E. Asia.
Enzymic and Metabolic Defects of the Erythrocyte
Were any enzyme, co-enzyme, or essential metabolic process normally present in the erythrocyte, to be absent or to disappear completely, one would expect considerable changes in erythrocyte stability. In actual fact the abnormalities so far recognized have little effect. The absence of catalase increases the susceptibility to oral gangrene but has little other effect (Takahara, 1952) . The absence of co-enzyme factor I decreases the rate of conversion of methaemoglobin to haemoglobin and so establishes a permanent cyanosis (Gibson, 1948) ; reduction in the level of glucose-6-phosphate dehydrogenase leads to a reduction in the stability of reduced glutathione and to no inevitable ill-consequences (Beutler, 1959 ; Sansone, Piga and Segni, 1959) ; and there are defects in glycolysis which are associated with congenital spherocytosis (Prankerd et al., 1955) and with P.N.H. (Auditore et al., 1959) , but which are not necessarily responsible for the increased cell'destruction in these diseases.
The level of glucose-6-phosphate dehydrogenase is determined genetically, and is inherited as a sex-linked or sex-affected dominant (Browne, 1957; Sansone et al., 1959) . A group of American workers, headed by Alving and Beutler, showed that the anaemia which followed the administration of primaquine in some io per cent. of American negroes was due to a low level of this' enzyme (Carson et al., 1956) , and that subjects with low levels of this enzyme develop haemolytic attacks when challenged with other drugs, such as acetanilide and sulfoxone sodium (Dern et al., 1955) . Another enzyme, glutathione reductase, is increased (Schrier et al., I957). Sansone and his co-workers (I958), and Szeinberg and his associates (1 958) showed that the same peculiarity was present in patients with favism and in certain of their relatives, but that lack of the enzyme does not necessarily mean that the subject is a favist. The condition seems to be widely spread in the Middle (Prankerd et al., 1955) have shown that a defect of glycolysis is present in the cells of congenital spherocytosis; this may be responsible for the increase of fragility when standing outside the body. Rarer causes of similar haemolytic anaemias are elliptocytosis, in which the fragility is slightly increased, and at least two varieties of non-spherocytic anaemia which are associated with a defect in the chain of carbohydrate metabolism. Auto-immune Haemolytic Disease Some patients develop antibodies which attack their own red cells. These may have a detectable serological specificity (often anti-e or anti-hr') or be non-specific. Further, they may be most active at 370C., or attach themselves only at room temperature or below-.f warm ' and ' cold ' antibodies respectively. Cells pretreated with trypsin or papain, or the cells of P.N.H., are often more sensitive indicators of the presence of these autoantibodies, and undergo haemolysis when normal cells are merely agglutinated.
In general, cold agglutinins tend to appear in symptomatic or secondary haemolytic anaemias, such as those associated with virus pneumonia (Stewart and Friedlander, 1957) , disseminated lupus erythematosus, and more rarely other virus infections such as influenza and glandular fever. As a rule, the antiglobulin test is not inhibited by normal gamma globulin, whereas it is in anaemias accompanied by warm antibodies. In some cases agglutination becomes obvious when an E.S.R. is set up because the blood agglutinates as it is chilled to room temperature ; and occasionally haemolysis is exacerbated to produce haemoglobinuria if the patient is chilled. Occasionally such a patient complains of Raynaud's pheno-POSTGRADUATE MEDICAL JOURNALS menon or of haemoglobinuria (Dacie, 1957; Christenson and Dacie, 1957; Christenson, Dacie, Croucher and Charlwood, 1957) .
The best-known of the cold haemoglobinurias is the original form in which Donath and Landsteiner showed that there was present an antibody which attached itself to erythrocytes at low temperatures (o-io'C.) and complement then lyses the cells when they are warmed to 370C. In this condition syphilis seems often to have had some aetiological importance, but it is not certain that syphilis is always the cause, because biological false positive Wassermann reactions are very common in all forms of auto-immune disease.
One can rarely discover a cause for the appearance of ' warm' antibodies, which appear' for no apparent reason, may cause neither haemolysis nor symptoms or may produce the most severe haemolysis-and then, for no apparent reason, disappear (Darnborough, 1958; Stratton and Tovey, 1959) . Drug Haptene Disease A few drugs will cause the appearance, in very rare patients, of antibodies directed towards the erythrocyte; but these antibodies will destroy the erythrocyte only in presence of the drug. Thus on some subsequent occasion, administration of the drug will provoke a brisk haemolysis. So far the mechanism has been proved only for stibophen (Harris, 1956 ) and quinidine (Freedman et al., I956) , but a similar mechanism probably operates in quinine haemoglobinurias such as blackwater fever. Chemical Poisons Many chemicals or drugs cause haemolysis. Some such as arsine or potassium chlorate have this effect in all patients, others such as primaquine, sulfonamides, naphthalene, vitamin K analogues only, or more easily, in those who lack glucose-6-phosphate dehydrogenase, the peculiar deficiency discussed above (Zinkham and Childs, 1957; Sansone, 1958) . Nearly all these chemical haemolytic agents produce Heinz bodies in the erythrocytes, and if the patient is seen early in the attack the presence of Heinz bodies should direct attention to the possibility of poisoning or favism. In infants sensitivity to drugs may be unexpectedly great, and in particular naphthalene, the soluble vitamin K analogues (menaphthone, synkavit) and cryogenin (phenylsemicarbazide) seem particularly dangerous, and a substance probably meta-aminophenol formed from para-amino salicylic acid kept dissolved in sealed tubes is extremely toxic, to some, though not all children (Sansone and Zappa, 1955; Castanier et al., 1956) Crea, 1957 ) and diagnosis must be based on radiochromium studies. There are no special diagnostic features except that spherocytosis and macrocytosis are common. They may be the presenting factor of the underlying disease, but are usually discovered as an incident in the downhill course of the patient.
In this group it may be convenient to place the haemolytic component of the megaloblastic anaermias, especially that of Addison and Biermer. Since loss of weight and appetite are prominent features in nearly half the sufferers, they may be easily misdiagnosed as ' carcinoma ventriculi ' and left to die. Since marrow puncture can so easily be done on out-patients or in the patient's own bed, such errors of diagnosis should become fewer.
However, the most interesting in this group are thrombotic thrombocytopenic purpura, and paroxysmal nocturnal haemoglobinuria, the Marchiafava-Micheli syndrome. The latter is an insidious mild anaemia which varies in intensity and is, at some stage of the disease, associated with the appearance of haemoglobin in the urine secreted during the night. This is apparently due to a characteristic erythrocyte abnormality in which the patient's cells are lysed by serum to which acid has been added. It is usually easier, and very satisfactory as a presumptive test, to examine the urine for haemosiderin as described above. Thrombotic thrombocytopenic purpura is a rare disease in which the red cell life span is reduced to a few days and the platelet life span to a few hours, and arterioles and capillaries are occluded by material which looks like platelet thrombi-though no antibodies can be detected (Symmers, 1956 ).
Technique of Differential Diagnosis
This depends mainly on the history, which must be taken by someone with a wide knowledge of haemolytic syndromes-if necessary the clinical biologist. First, of course, the existence of a haemolytic syndrome must be demonstrated, and this usually demands a persistently raised reticulocyte count-but you must be cautious to avoid being misled by a response to sudden haemorrhage or to the administration of liver to a patient with pernicious anaemia without your knowledge. In the absence of Heinz bodies or other clues, it is best to continue with an anti-globulin test, and then with an examination for haemosiderinuriaat least in a North European-though in a patient of African origin one would first of all consider the possibility of sickle cell disease, which should have been suggested by changes in the stained film. The most difficult diagnostic problem is when the haemolytic process is of low intensity, or when it fluctuates greatly; the earliest phase of the leucoerythroblastic anaemia of disseminated carcinoma is a barely detectable reticulocytosis and an equally slight macrocytosis. In such cases, ' De minimis curat medicus,' and clinical examination and careful history taking are outstandingly important.
